are deep seated and the ultra-violet rays have but feeble penetrating power, it does not seem probable that a direct destructive effect on their bacterial causes is responsible for the clinical improvement reported. Fresh air, good food, and rest, in the absence of sunlight do not produce a corresponding effect.
In order to determine whether exposure to the sun has any effect on the circulating lymphocytes of healthy individuals, the following study was made.
A series of blood counts was made, in the spring of 1916, on several individuals who expected to be exposed to the sun during the ensuing summer months at Woods Hole, Massachusetts. In the fall a second series of counts was made on the same subjects, and this report is based on observations made on the bloods of 38 persons who showed more or less evidence of chronic solar dermatitis (tanning) at the time the final blood count was made. Most of the individuals studied were tanned over a large .portion of their bodies, and no instances are included in which there was tanning merely of the face and hands. The subjects included both sexes and ranged in age from 20 to 65 years. It is admitted that tanning of the skin is caused by actinic and not by heat rays.
Method.
The blood to be counted, obtained from a needle prick in the tip of the finger, was diluted 1:20 with 3 per cent acetic acid solution, the mixture shaken in a diluting pipette for 5 minutes, a drop placed on a Tiirck hemocytometer, and an interval allowed for the corpuscles to settle. The white corpuscles in 8 of the 9 ruled millimeter squares of the counting chamber were counted and the number per c.mm. was estimated in the usual way. Films made at the same time on coverslips were used for differential leucocyte counts. After staining with Wright's stain, 300 cells were counted and the percentage of each type was determined. The total number of lymphocytes per c.mm. Of blood was estimated by multiplying the total number of white corpuscles per c.mm. by the percentage as determined by differential Count.
The results of the study, for convenience arranged in Tables I to  VIII, studied, there was a definite increase in the number of circulating lymphocytes after development of solar pigmentation which averaged 27.2 per cent. This increase, given in the column headed "Increase" in Table I , represents the percentile rise of lymphocytes above the (Table II) . In five, or 13 per cent, there was no substantial change in the lymphocyte percentage (Table III) . If one disregards for the moment the individuals, 5 in number, whose blood showed no definite percentage change, it follows that of the remaining 33, 25, or 73.8 per cent, exhibit an increase, and 8, or 24.2 per cent, a decrease of the circulating lymphocytes. The changes noted in the number of total lymphocytes before and after tanning tended to parallel the percentage change in the same blood. Thus (Table V) twenty-five bloods which gave a definite percentage lymphocyte increase gave also an average absolute increase from 2,574 to 3,338 cells per c.mm. Moreover, the eight bloods which gave a decrease in the percentage of lymphocytes followed the same trend, as the average number of these cells before exposure was 3,807, and after 3,187 per c.mm. It should be noted here that the bloods showing no appreciable change in percentage of lymphocytes gave an average total number per c.mm. which varied only slightly as the result of the exposure, the average before exposure being 2,951 and after exposure 3,060.
The average percentage change in the total lymphocytes per c.mm., after exposure, for each of the three series compares closely with similar determinations of the percentile increase or decrease as given in Tables I, II , and III. The twenty-five persons who showed an average percentile increase of 27.2 showed a total lymphocyte increase of 29.6 per cent. The percentile decrease in the eight individuals included in Table II Rollier and others 9 have emphasized the fact that tanning is necessary to obtain beneficial results in tuberculosis with hellotherapy. In this connection it is interesting to note that of the thirteen individuals who showed no increase in their circulating lymphocytes, six had the pasty type of skin which does not tan. Three others were so dark normally that it was impossible to determine whether or not there had been additional pigmentation. Five s Evans, F. A., Arch. Int. Med., 1916, xviii, 692. of the eight persons whose blood showed a loss in lymphocyte percentage had circulating cells of this type in excess of 40 per cent before exposure to the sun. These observations are interesting as offering possible explanations of the apparent exceptions to the general tendency to develop a definite lymphocytosis after chronic solar dermatitis. Thus the twenty-five persons with a definite increase in circulating lymphocytes were all tanned to a greater or less extent. The increase in lymphocytes, moreover, tended to be greatest in the individuals in whom the pigmentation was most increased, yet this was not invariably the case; so that the increase in lymphocytes and degree of tanning did not always go hand in hand so far as this series of tests is concerned.
In regard to complexion, no particular difference between the blood or skin response to solar irritation was noted with the exception of the three individuals in whom it was impossible to determine whether or not additional pigmentation was present. So far as observed age and sex had no effect on the blood response to light.. DISCUSSION. From the results recorded here it seems that the rays contained in the solar spectrum, as it reaches the earth in the temperate zone in midsummer, bring about changes in the white corpuscles of the blood in a manner similar to that recognized as characteristic of the" x-rays. The manner of action is equally obscure with regard to both agents.
Of interest in connection with this study are blood counts made by Chamberlain and Vedder 1° on Americans living in the Philippines. Although analyzed by them to ascertain the effect of the tropical climate on the Arneth blood picture, their counts show a higher percentage of lymphocytes than normal individuals in the temperate zone. u In the 72 cases reported there was an average of 38.6 per cent. The tropical service of the soldiers composing the series averaged 28.7
to Chamberlain, W. P., and Vedder, E. B., Philippine. J. Sc., 1911, vi, 408. n In a series of more than 100 observations on the bloods of 46 healthy individuals from 20 to 65 years of age, made in connection with this study, it was found that the lymphocytes averaged 29.3 per cent.
months. Wickline, 12 in counts made upon the blood of 104 soldiers 3, 12, and 19 months after arrival in the Philippines, showed that there was a definite and progressive increase in the mononuclear cells. These cells averaged 31.4 per cent at the first, 34.4 per cent at the second, and 39.5 per cent at the third determination. Although there is no distinction made between the mononuclear elements, tending to separate the lymphocytes from the cells belonging to the granular series, some idea of the direction in which the cells of lymphatic origin varied may be obtained by following the percentage of small mononuclear cells, which are undoubtedly the small lymphocytes. The average percentage of these ceils at the first count was 21.8, at the second count 26.6, and at the third count 33.3. Disregarding the large lymphocytes, which should be combined with the small cells of the same series to give an accurate idea of their number at each determination, it can be seen that there was a definite increase of these cells in the blood after 19 months in the tropical climate. The soldiers were undoubtedly exposed to the sun for long periods of time. It also seems possible that the invisible spectrum is somewhat widened in the tropics 18 and there is consequently a wider range of ultra-violet rays than in the temperate zone. The intensity of the visible rays of the spectrum is also increased as we approach the equator. It is probable that the invisible rays increase likewise in proportion to those that are visible. Although the effect on the blood seems to be related to the ultra-violet rays of sunlight, it is impossible to rule o u t the effect of infra-red, or heat waves in these observations. Chronic solar dermatitis was accompanied, in 25 of the 38 individuals studied, by an appreciable increase, percentage and absolute, in the number of circulating lymphocytes.
In eight there was a definite decrease and in five no appreciable change after prolonged exposure to the rays of the summer sun.
Of the thirteen subjects with no increase in blood lymphocytes, six 12 Wickline, W. A., Mil. Surg., 1908, xxiii, 282. 18 Bovie, W. T., Am. J. Trop. Dis. and Prey. Med., 1914--15, ii, 512 .
EFFECT OF EXPOSURE TO SUN ON LYMPHOCYTES
failed to tan, three were so dark originally that to determine an increase was impossible, and five had an extremely high lymphocyte count at the first count. Blood counts on white persons living in the Philippines indicate that the blood lymphocytes are likewise increased after a prolonged period of residence in the tropical zone.
Because of the parallelism between the tanning and the blood changes it seems probable that the lymphocytosis observed in the majority of instances, which is similar to the response of the blood of animals to small doses of the x-rays, is due to the effects of the ultra-violet rays contained in the solar spectrum.
